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ABSTRACT

Experimental facilities were established for the GNOME
and HARDHAT tests to measure and record the components of the electro-
magnetic field generated by underground nucleer detonations. 1In
addition an instrumentation system was established at the GNOME site
to investigate the characteristics of the plasma generated by the
blast to obtain information concerning the nature and source of the
electromagnetic field. Data obtained from the tests shows that the
electromagnetic signals generated by low-yield close-coupled under-
ground nuclear explosions are small in magnitude and cannot be
detected above background noise at distances greater than a few
kilometers from ground zero. Final conclusions concerning the
feasibility of electromagnetic detection of deccupled underground
nuclear detonations can be made only after the electromagnetic signals

from such explosions have actually been measured.
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1.0 INTRODUCTION

In December 1961 and February 1962 Space-General Corporation
participated in the GNOME and HARDHAT teste to investigate the feasibil-
1ty of detecting electromagnetic signals generated by underground nuclear
dcténations. An experimental facility was established for each event,
consisting of vertical, radial, and transverse antennss together with
two trailers housing appropriate instrumentation to record and measure
the components of the electromagnetic field at two stations approximately
8ix and thirteen miles from ground zero. In addition, for the GNOME
test, remote instrumentation was established at & close-in site located
1180 feet from ground zero. Two instrumentation systems were installed
at this site, the first to measure and record the three components of
the electromagnetic field at close ronge, and the second to investigate
the characteristics of the plasma generated by the blsst and to thus
obtain information concerning the nature of the source of the electro-

magnetic field.

Both the GNOME and HARDHAT tests were close-coupled shots
in the emall yleld range. The results obtained from these two tests can-
not be extrapolated to the case of de-coupled shots where the detonation
occurs in a large underground cavity, for reasons discussed in Section
2.0. The electromagnetic field from a de-coupled shot is expected to
be much greater in magnitude than the field from a close-coupled shot;
hence the detection of large fields from GNOME and HARDHAT would iudicate
great promise for the electromagnetic method of detecting "muffled”
underground nucleer detonations. The absence of large 3ignals from close-
coupled tests, however, does not negate the possibility of detecting de-
coupled shots by electromagnetic methods.

The following séctions of this report include a theoretical dis-
cussion of the generation of electromagnetic pulses by nuclear explosions,




o ] [ Smang n— omy - oy ] ormag e |

SPACE-GENERAL CORPORATION 86C L3R-18
Page 2

a description of the experimental facilities established at doth
the New Mexico and Nevada test sites, the data obtained during each
test, and an evaluation of the feasibility of detecting electro-
magnetic signals generated by underground nuclear detonations.
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2.0 THRORETTCAL DISCUSSION

There are two principal mechanisms which have been pro-
posed to explain the generation of an electromagnetic pulse by a
nuclear explosion. The first mechanism is the motion, or flow,
of Compton electrons which are produced by the interaction of the
7 rays released by the nuclear reaction with matter in the vicinity
of the burst. While this mechanism is very important whenever there
is a large amount of air in the immediate neighborhood of the
detonation point (such as in the case of an air shot or an under-
ground "decoupled" shot) it is not expected to be significant in a
close-coupled underground burst, such as the GNOME and HARDHAT shots,
because of the short mean free path of ¥y rays in earth. The second
mechanism for producing an electromagnetic pulse by a nuclear ex-
plosior. is the interaction of the earth's magnetic field with the
highly conducting, expanding plasma produced by the bomb. Even in
close=coupled shots this mechanism will produce an electromagnetic
pulse of sufficient magnitude to be detectable at the earth's sur-
face at least at short distances from the burst.

In addition to the magnetic interaction mechanism, a sub-
surface burst may induce potential differences across antennas lying
parallel to the ground by other means. For example, the seismic wave
generated by an underground explosion will produce local FMF's as it
propagates through the earth. However, a mechanism of this type is
clearly distinguished from onc which leads to direct radiation by
noting the time of onset of the signal since an electromagnetic wave
propagates with a much higher velocity than other kinds of waves.

In the following discussion only the direct radiation will be
considered.
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When a subsurface nuclear explosion occurs, almost all
of the energy which is released is absorbed by the surrounding
earth. The earth in the immediate vicinity of the burst is vapor-
ized and its constituent atoms are highly ionized. At the same
time, a high pressure region is created which causes the ionized
material to expand at a high velocity, creating a cevity. The
thermal ionization &lso causes the vaporized material to become
a very gouod conductor. It is well known that matter with a con-
ductivity o and & velocity v will interact with a magnetic field
36 (the earth's field) to produce a current density

J = ov Xx Bo'
Thus, & time-dependent current density is created by the inter-

action of the expanding plasma with the earth's magnetic field and
an electromagnetic pulse will be radiated.

The electromagnetic field must satisfy Maxwell's equations,
which, in MKS units, are

V' E-= p/eo
B0 (1)
VXE.-%
VXB= [e§+cﬁ+o(§+7x'§)1+po;x§
BLleX ™ % - o

where B is the magnetic field generated by the explosion. The total
magnetic field is B +-§°. In these equations, o 1s the conductivity
(exclusive of the effects produced by the explosion) of the medium at
the point under consideration. Thus o will be zero in air and have
& non-vanishing value in the earth.

Tn addition to the differential equation, boundary and initial

-
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conditions must be specified. The tangentisl componerts of E and B
must be continuous across the earth-air houndary at the earth's sur-
face as well az at surfaces representing electrical discontinultles
in the structure of the earth. Before the explosion cccurs, E and B
are zero. Therefore, the initial conditions are E = B = O at t = C.

Since ¢ and Vv are complicated functions of position and
time, the solution of the system of Equations (1) presents & formidable
problem. However, if the electrical parameters of the earth are
functions only of depth below the surface (such as in the case of the
(NOME shct, where the earth consisted of hcuogenecus, horizontally
stratified media), then the problem can be considerably simplified
by the use of symmetry arguments. Although & complete colution will
not be obtained by these arguments, certain predictions can be made
concerning the nature of the electromagnetic field at the earthis

surface.

Before proceeding with the group theoreticel arguments, a
few pr-ilminary observations are needed. First, the conductivity o
is a function only of time and radial distance from the detonation
peint if the burst does not cccur at the boundary of two medis with
dissimilar mechanical properties. This statement i1s true irrespective
of any asymmetry in the construction of the bocmb, the reason being
that the opecity of the plasma durirng the initial stages of the ex-
pansion is small enough so that any initial temperature (and hence
conductivity) esymmetry will decay in a few microseconds. Once the

spherical symmetry of the plasma is established, it will remain symmetric

because it is8 expanding against a medium with uniform mechanical pro-
perties. Thies argument alsc implies that ;, the e¢xpansion velocity of
the plasma, i3 a vector directed along the radial direction with respect

to the burst origin.

Now, the earth's field4 will be inclined at some angle i to
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the vertical. If & coordinate system is introduced with the
x-axis orienteé so that E; 18 in the x-z plene (see Figure 1)
then

B, = fﬁgi (-cos 0% + 8in OF)

= I'B'o! (-cos QQ + 8in (1 cos ¢ 2‘ - 8in Q sin ¢ 9).
where A indicates & unit vector in the respective coordinate
direction. Here we have introduced cylindrical coordinates
(p, £, z) in the seccnd line of the equation. From the previocus
paragrarh, we know that v has only z and p components vhich do
not depend on the angle g. Thus, the driving term ov x ﬁ; in
the system of Equations (1) will contain terms independent of ¢
and terms proportional to cos ¢ and sin g. This means that
ov x B transforms according to the direct sum ot the 1dentity

# sin ‘)
sin ¢ cos
of the groups of rotations about the z-axis. Since 9 is not a

function of ¢ and the geumetry of the protlem remains unchanged
by these rotations, the entire problem is invariant under this
group. Hence, so 1s the solution. Thus, the¢ entire g-deperdence
of B and B (expressed in the cylindrical basis) will consist of

a linear combination of the functions 1, ein g, cos $. RMurther-
more, the driving term ov x B_ is invariant under reflections in
the x-2 plane followed hy multiplication by ~1. 8Since B trans-
forms a8 & vector ani B as a pseudovector, this means that 's’ lp,
and B‘ must be odd functions of ¢ while lu, B,, and B, must be

representation and the irreducidble representation (©

# that is, irreducidvle in the field of real numbers.
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. maximum cavity radius

burst origin,
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FIGURE 1. Geometry of an Undexground Miclear Explosion
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even functions of g§. Collecting these results, we find that
E and F should be of the form
1
Ez(p) $, z) =sin¢g Eg )(P: z)
(1)
Ep(p, $, z) =sin g Ep (e, 2)
(1
E¢(p, 4, z) = Eéo)(p, z) + cos ¢ E} )(p, z)
1
Bz(p; g, z) = Bio)(P; z) + cos ¢ Bi )(9, z)

5,0, #, 2) =B (b, 2) + cos § B (s, 1)

sin § B,(;l)(p, z)

[ ]
~
L}

Bﬁ(p; ¢:

The time-. 'L>ndence of the fields has not been indicated ex-
plicitly in these equations.

It is seen that the field components have a simple
dependence on angular position from a north-south line through
ground zeroc with Ez, Ep, and B¢ vanishing at points directly
north or south of the explosion and Eﬁ’ Bz, and Bp having maximum

values along a north-south line.

The problem of the electromagnetic pulse which is
generated by the interaction of the earth's magnetic field with
the highly conducting plasma firom & nuclear explosion Las been
solved by ?face-ceneral for the :ase of an underground de-coupled
exvlosion. Although the results from this solution cannot be
applied directly to close-coupled shots such as GNOME and HARDEAT,
the field streng-hs obtained perhaps rcpresent upper bounds on the

(1) 8GC 68R-7 "Theoretical and Model Studies for the Production and
Propagation of Electromagnetic 8Signals from Underground Nuclear
Explosions", Volume I, Thecretical Studies, AZ30{602)-250C.
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field values from cliose-coupled shots since the plasma ex-
pands more rapidly and into a larger volume when the shot
takes place in a lsrge cavity. The referenced report is
classified confidential, but we can get a "horseback" estimate
of the field strength to be expected from a close-coupled

shot by following Wouters order-of-magnitude analysis of the
problemga)

Wouters considers that the plasma generated by the
bomdb is a good conductor and that the hydrodynamic explosion
pushes away the earth's magnetic lines of force, so that in
2ffect, a local magnetic field distribution is created which
opposes the initial distribution of the earth's megnetic field.
This new distribution can be expressed se & set of multipoles,
the most important of which is assumed to be the magnetic dipole
term. As a first approach to the protlem it is assumed that the
magnetic dipole field opposes and balances the earth's field at
the edge of the final cavity radius which is of the order of 20
feet. This requires a magnetic dipcle moment of approximately
2 x 105 ampere~-square meters. Since frequencies much above 1 ke
will be greatly attenuated in propagating through the earth, we
can solve for the electric fileld which will be produced if the
time variation of the magnetic dipole is such that most of the

electromagnetic energy is concentrated around the 1 kc region.

The free space electiric field from an oscillating magnetic
dipole, in the direction of maximum electric field and in the

(2) L. F. Wouters, "Magnetic Field Effects from Underground Nuclear
Detonations - Some Preliminary Thoughts" UOPB 60-20 Rev. 1,

28 January, 1960, Lawrence Radiation laboratory, Livermore, Calif-

ornia.
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induction region at distances less than a wavelength, 13(5 )
e /B (&
IE' EX—\/ € (';5) P

vhere A is the electromagnetic wave-length, % = 376.T7 chma for
free space, R is the radial distance from the dipole and P is

the magnetic dAipole moment. Neglecting the attenuaticn in the
earth and the effect of the earth-air interface, the electric
field strength at a distance of 500 meters from the explosion
should be of the order of 1 mv/meter. At a distance of 5 km the
field strength will have decreased to 10 uv/meter. While this
analysis is crude, the indications are that if the magnetic field
interaction is indeed the principal source of the electromagnetic
Iield from a close-coupled shot, then the electric field at the
earth's surface will be small and will be undetectable from the
background noise at distances of more than a few kilometers from
ground zero. Actual measurements of field strengths must be made,
of course, before the tentative conclusions based on these tenuous
arguments can be made definite.

(3) Stratton, J. A., "Electromagnetic Theory", McQGraw-Hill, page k37.
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3.0 EXPERIMENTAL FACILITY - GNOME TESTS

3.1 AREA DESCRIPTION

The GNOME site was located about 40 km southeast of
Carlsbad in Bddy County, New Mexico. The GNOME shot, which in-
volved the underground detonation of a 3 £ 1 kt nuclear devicesh)
was conducted at a point 303 meters on a bearing N 4% 431" B
from the center of Section 34, Township 23 South, Range 30 East,
New Mexico Principal Meridian, at a depth from the surface of
approximately 365 meters. The device was detonated at the end
of a 340 - meter hooked tunnel in the Salado formation, a bedded
salt formation consisting mainly of halite. In the shot area the
top of the Salado formation is about 216 meters below the ground
surface. The Salado is coverlain by bedded formaticns of amhydrite,
dolomite, claystone, siltstone, and sandstone. A map of the area,
showing the location of the three Space-(General instrumentation

sites, is presented in Figure 2.

3.2 STATION I - CLOSE-IN SITE

Station I instrumentation was installed in the Chemistry-
Radiation building 1170 £t from ground zero. The antenna complex
was located 165 £t from this building and 1180 ft south 35° 30’
west of ground zero. This station was operated remotely and was
established to obtain close-in measurements and recordings of
1) the potential and characteristice of the plasma generated by
the blast, and 2) the vertical, radial, and transverse components
of the electromagnetic field generated by the explosion.

(4) University of California Radiation laboratory Memo UOPAC 62-75,
Livermore, California, 28 March 1962.
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3.2.1 Plasma Probe

The purpose of the plasma probe experiment was to make
qualitative measurements of the characteristics of the plasma
generated by an underground nuclear detonation. The instrumenta-
tion system (shown in Figure 3) was designed to measure and record
the voltage appearing on the neutron pipe during the cowrse of
the explosion in order to provide data concerning the temperature
of the plasma and the contribution of the pipe in radiating
electromagnetic energy. Unfortunately, however, escaping radio-
active steam caused fogging c¢f the film in the oscilloscope
cameras and precluded the successful recording of data.

3.2.1.1 Test Procedure

The equipment used in this portion of the experiment con-
sisted of the following:

2 Tektronix 545 oscilloscopes

1 Tektronix 515 oscilloscope

3 Beattie - Coleman/lLord oscilloscope cameras

1 !ﬁbricated 1000 - ohm resistance network consisting of
10 sets of 10 parallel 1 K resistors connected in series

(see Pigure 4).

The Tektronix model 545 oscilloscopes were desirable for
this experiment because they were equipped with a single sweep control
which allowed only one sweep at the time of detonation. However, since
only two of these units were available, it wes necessary to use a model
515 oscilloscope, which, nevertheless, was adequate. Also the Beettie -
Coleman cameras were chosen because they were equipped with solenoid-
operated shutters which could easily be operated by the timing relays
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supplied by the AEC. In regard to the resistor network, it
was decided that a fabricated network consisting of several
parallel elements connected in s2ries would provide much
greater reliability than a single resistor with the same power

rating.
The trigger signal operating the oscilloscope sweeps

was a fast fiduclary originating at the start of the blast. The
sensitivities and sweep speeds of the oscilloscopes were set as

follows:
I 30 volts/em - 0.5 us/cm
II 5 volts/em - 10.0 ps/cm
III 2 volts/em - 100.0 ps/cm

These sensitivities and sweep speed were chnsen to best record

all phases of the first millisecond of the blast. It was anticipated
that the voltage on the pipe would rise rapi?ly to perhaps thousands
of volts during the first few microseconds and then decay in probably
an exponential manner during the following millitecond.

The voltage generated by the placma was picked up at the
end of the first section of vacuum pipe and was passed through the
resistance network and then carried to the oscilloscopes by 1 - inch
Foam-Flex coaxial cable. This reduced voltage was presented to the
oscilloscope signal inputs and recorded by the cameras. The camera
shutters were operated by a relay which closed at T-1 second and
remained closed until T + 1 second. All data we: lost because of
complete radiocactive fogging of the camera fi.m.

3.2.2 Electromagnetic Field Measurements at Station I

In addition to the plasma probe instrumentation, vertical,

radial, and transverse antennas (as shown in Figure 4) were

e
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Ground Zero

NORTH

12.5' Vertical

Ground ZJlane

213’ Radial

-
—
-

944! Transverse

FIGURE 4. Antenna Confifguration - STATION I, GNOME
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established at Station T to obtain close-in surface measurements
of the components >f the electromagnet c field generated by the
explosion. Instrumentation used in this portion of the experiment

consisted of the following:

1 Precision Instrument seven-channel magnetic tape
recorder Model PI-207

3 Tektronix RM~-122 preamplifiers

1 Filter panel consisting of ive sets of filters,
each set consisting of one each 60 cps, 180 cps,
300 cps notch reject filters and 8 10 kc low pass
filter, all in series.

1 400 cps reference oscillator

1 SuC-constrycted cathade follower

Batteries to opcrate the reccisler and preamplifiers

A block diagram of the instrumentation system is shown in
Figure 5. Tre Station I radial antenna was 213 ft long, the trsne-
verse antenna vas 9Qbk ftv long, asd the vertical antenna was 12.5 ft
high. A 12' x 12' sgqusre of chicken wire was used as a grcund plane
for the vertical antennra, and the radlal and transverse antennas were
each terminated irn a ryrex gouch-crucinle with a cadmium electrode .
s satureted solution of cadmium chloride was used as an electirolyte

in the crucible to ensure proper cortant with ground.

The magnetic tape recorder was furniched with four channels
of FM recording and three direct record cha.unels. The band pass on
data channelc which were ¥M recorded was from about 1 cps to 7 ke
(3 db points) with about 60 db rejection at 60, 180, and 300 cps.
The bvand pass curve for the radial antenna data channel is showa in
Figure 6. This curve is typicel of all the data channels with the
exception of the vertical antenna data channel which used direct
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recording. In this case the band pass was from 20 cps to 7 ke.

The signals from the transverse and vertical antennas vere
each recorded with and without preamplification. This was done to
increase the dynamic range of the data system to 60 db above noise

level for these two antennas.

3 2.2.1 Test Procedure

At T-8 hours a calibration recording was made of all signal
channels by feeding a 500 cps signal into all antenna inputs, which
wvere connected ir parallel. The signal was started at a level of
1 millivolt rms and then increased in 10 db steps to a level of
3.16 volts rms. A channel-by-channel frequency response check was
also made &t this time starting at 20 cps and ending at 10 kec.

At T-15 minutes the amplifiers were turned on by relays
rrovided by the AEC, and at T-1 minute the tapes were started. Channel

assignments were as fcllows:

CHANNEL I

The radial antenna was connected .0 two filter sets in series,
and the output of the filter bank was atteruated 11:1 by a resistor net-~
work between the filter bank and the RM 122 preamplifier input. This
setup was necessary because of the high noise level on the antenna.

The Channel I dynamic range extended from about 0.0l volt rms (noiase
level) to 2.0 volts rms (46 db) input from the &ntenna.

CHANNEL II

The vertical antennas was connected through a cathode follower to
a filter bank. Because of the inherently large impedance of the verticel
antenna, the cathode follower was necessary to msatch the impedance of the
antenna to the fllter bank. Channel II dynamic range was 0.1 volt rms to
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2.0 volta rme (26 db). This channel malfunctioned with loss of
data.

CHANNEL III

The transverse antenna was connected to two filter banks
in series; the output of the filter banks was connected to the in-
put of an RM 122 preamplifier. Channel III dynamic range was 0.003
volt rms to 0.3 volt rms (40 db).

CHANNEL IV

Voice couritdown and timing signals from the net 2 radio

were recorded on Channel IV.
CHANNEL V

Channel V was similar to Channel II, with the addition that
the output of the filter bank was connected to the input of a RM 122
preamplifier to increase the dynamic range of the vertical antenns.
Channel V dynamic range was 0.003 vclt rms to 0.1 volt rms (32 db).

CHANNEL VI

Channel VI was the input from the 400 cps tuning fork refer-

ence oscillator.

CHANNEL VII

Channel VII was similar to Channel III with the exception that
the output of the filter bank was connected directly to the recorder
input of Channel VII. Channel VII dynamic range was 0.20 volt rms to
3.0 volts rms (24 dv).

3.3 STATION II

Station II was located on the Snyder Ranch approximately 4.5
miles south by southeast of ground zero (see Figure 2). The immediate

. "“‘“»"‘Tm—-—-"-—' e s - - —
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area surrounding this site 1s typical of the entire area (South-
western desert), although the conductivity of the soil was con-
siderably greater than expected due to rainfall prior to the test
shot. The resistance measured from the horizontal antenna wires
to the instrumentation ground was less than 10k ohms at all three
stations.

The purpose of Station II was to obtain measurements of
the three components of the electromagnetic field strength during
the test by establishing antennas and appropriate instrumentation
similar to the facility at Station I.

3.3.1 Electromagnetic Field Measurements at Station II

At this station the radial antenna was 590.5 ft long, the
transverse antenna was 495.5 ft long, and the vertical antenna was
12.5 ft high. Each horizontal antenna was grounded et its far end
by means of a cadmium electrode immersed in a cadmium chloride
solution contained in a porouge crucible buried in the ground. The
instrumentation at this site, which was housed in a 14' x 8' trailer,

wus operated manually and consisted of the following:

1 Precision Instrument T7-channel magnetic tape recorder
Model PI-207

Philbrick P-2 DC amplifiers

Tektronix RM-122 preamplifier

LOO cps reference oscillator

T

Portable transceiver for communication and to record voice
countdown and timing signals

1 Filter panel consisting of three sets of filters, each set
consisting of one each 60 cps, 180 cps, and 300 cps notch
filters and a 10 ke low pass filter, all ir series.
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1 SGC-constructed cathode follower

Batteries to operate the recorder, preamplifiers, and cathode
follower.

A 5 kv gascline engine generator for battery charging and

stand~by operation.

With the exception of the two Philbrick DC amplifiers (which
were used because additional Tektronix BRM-122 preamrlifiers were not
available) the system (shown in Figure 7) was almost identical to that
at Station I.

The frequency bandpass for the signals from the transverse
and radial antennas was from DC to sbout 7 kc with about 50 db rejection
at 60, 180, and 300 cps. The band pass for the vertical antenna was
from about 20 cps to 7 kc with 50 db rejection at 60, 180, and 300 cps.
Band pass curves are similar to that shown in Figure 6. By using two
recording channels each for the radial and transverse antennas, thc
dynamic range was extended to 60 db.

3 %.1.1 Test Procedure

At T-6 hours a calibration recording was made of all signal
channels by feeding a 500 cps signal into all antenna inputs, which
were connected in parallel. This signal was started at a level of
0.001 volts rms and increased in 10 db steps to 3.16 volts rms using
a variable attenuator. A channel-by-channel frequency response check

was also made at this time.

At T-1 hour the amplificrs were turned on and at T-15 minutes
the recorder was sterted to record the voice announcement, then stopped.
This procedure was repeated at T-5 minutes. The recorder was started
for the final run Just prior to the T-2 minute announcement and was
alloved to run for approximately 20 seconds past To scconds. Alsc,
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during the last two minutes of countdown the output of Channel I
(radial antenna) was visually monitored on a Tektronix 515 oscillo-
scope. Channel assignments at Station II were as follows:

CHANNEL I

The radial antenna was connected to a filter bank and to
the recorder through a Philbrick P-2 DC amplifier. The dynamic
range of Channel I was 0.001 v rms to 0.06 v rms input from the

antenna.

CHANNEL II

The vertical antenna was connected to the recorder through
a cathode follower, filter bank, and RM-122 preamplifier. The dynamic

range of this channel was 0.01 v rms to 1.0 v rms.

The transverse antenna was connected to the tilter bank and
to the recnrder through a Philbrick P-2 DC amplifier. The dynamic
range of Channel III was 0.001 v rms to 0.07 v rms.

CHANNEL IV

Voice countdown and timing signals from the net 2 radio were
recorded on Channel IV.
CHANNEL V

On Channel V the radial antenna was connected directly through
the filter bank to the recorder input. The dynamic range of this channel

was 0.05 v rms to 1.0 v rms.

CHANNEL VI

Channel VI was the input from the LO0 cps tuning fork reference

oscillator.
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CHANNEL VII

On Channel VII the transverse antenna was connected directly
through the filter bank to the recorder input. The dynamic range
of Channel VII was 0.05 v rms to 1.0 v rms.

3.4 STATION III

Station III was located 8.5 miles south by southwest of ground
zero apprcximately three miles due east of the main housing complex of
the Harroun Ranch (see Wigure 2).

3.4.1 Electromagnetic Field Measurements at Station III

The radial antenna at Station III was 1750 ft long, the trans-
verse antenna was 1000 ft long, and the vertical antenna was 12.5 ft
high. Both horizontal antennas were terminated to ground in pyrex
gouch-crucibles with cadmium electrodes, and s 12 - foot square of
chicken wire was used as a ground plane for the vertical antenns.
The following is a list of equipment used at this station:

3 Roberts 2-channel recorders model 990

1 Filter panel consisting of three sets of filters, each set
consisting of one each 60 cps, 180 cps, and 300 cps notch
reject filters and a 10 kc low prss filter, all in series

1 SGC cathode follower

1 LOO cps reference oscillator

1 Portable transceiver for communication and to record voice
countdown and timing signals

Batteries to cperate the equipment

A 5 kv gusoline engine generator for battery charging and
standby operation.




4

SPACE-GENERAL CORPORATION SGC 43R-18
Page 2 7

A block diagram of the instrumentation system is snown in Figure 8.

3.4.1.1 Test Procedure

At T-6 hours the equipment used in the test was calibrated
using a signal generator and a variable step attenuator. The generator
was set to 500 c¢ps with an output level attenuated to 0.001 v rms.

This level was increased in 10 db steps to 3.16 v rms, each step
being recorded for a period of one minute. This procedure was followed

for each channel of information.

Operating procedures at Station 1IITI were identical tc those
at Station II. Unfortunately, two of the recorders at Station IIT
failed prior to the event and the only channel of data recorded at
this station was that of the radial antenna.
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L.o EXPERIMENTAL FACILITY - HARDHAT TESTS

In general, the test operstions conducted for HARDHAT
were similer to those for GNOME except thet only two stations
were instrumented (both menually cperated) and all instrumenta-
tion was battery-powered. The instrumentation at eacn station

was housed in a 1i-ft trailer snd consisted of the fcllowing:

1 Precision Instrume:f. seven-channel tape recorder
M:del PI-207 and battery-powered motor-drive amplifier.

3 Tektronix RM-122 preamplifiers.

4 filrer scts, each set consisting of one each 60 cps,
180 ~ps, 300 cps notch rejection filters and a 10 k¢
lowpass f'llter, all in series.

1 cathede followver.

400 cps reference oscillator.

o

1 portable transceiver for communication and to record
voice countdown and timing signals.
Batteries to operate the equipment
1 gatoline engine generator for battery charging and
standby operation.
A block diagram of the instrumentation system, which was
identlical at both stations, is shown in Figure 9.

Station I was located 65,754 ft south 4° 7' 13" west cf grouand
zero. Tippipah Springs NE wap reference is Station 101.01 N 836,374.4 ft,
E 671,913.37 ft. The radial antenna length was 2156 ft, transverse
antenne 213%; ft, and the vertical antenna 12.5 ft.

The Stetion II equipment was located 36,733 feet South
190 0l1' 06" eact of grouné zero. Tippipah Springs NE map reference is
Station 901.01 N 867,200.46 feet, E 688,796.14 feet. The radial antenna
length was 2160 ft, transverse 2320 ft, and the vertical antenna 12.5 ft.
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The horizontal antennas were termineted to ground at the
far ends by use of cadmium electrodes immersed in & cadmium chlorilde
solution. The cadmium chloride solution was contained in a porous
crucible that ensured constant contact with the earth. These
erucibles were buried in the ground, at a depth where moist earth
vas encountered. In all cases this vas 8 depth of from one to one

and a half feet (see Figure 10).

|

{

|

!

l

' At both statione the 12.5 foot vertiicel antennas were
located at the junctions of the radial and transverss antennas. The

l output of each vertical antenna was fed directly into a cathode
follower located at the base of the antenna. The output of the

l cathode follower, and the outputs of the radial ard transverse
antennas, vere each connected to the input of « filter bank through

' - a switch and patching penel. The use of the patching panel permitted
convenient monitoring of the signals directly off the antennas, the

(' signai\inputs to the recorder, and off-the-tape monitoring of all
chennels. The channel assignments, band pass, and dynamic range for

l

|

I

|

[

|

|

l

both stations were as follows:

Radial antenna, 40 db dynamic range

{.0002 - .02 v input from antenna), .2 cps

to 1 ke

Channel II -~ 40O cps reference

Channel III - Transverse Antenna, .0005 - .05 input, 4O db
dynemic range, .2 cps to 7 ke

Channel IV  ~ Voice and countdown from the transceiver.

Channel I

Channel V - Vertical antenna, .0002 - .02 input, 40 db
dynemic range, 20 cps to 7 ke

Channel VI - Not used

Channel VII - Vertical antenna direct; no amplification, .05 - 5V
input, 40 db dynamic range, 20 cps to 7 kec.

oy SERFEES s 2 ED T
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FIGURE 10. Photograph of Pyrex Gouch-Crucible and Tile Container

- -~
2




SPACE-GENERAL CORPORATION SGC U43R-18
Page 33

Channel band pass curves were very similar to the one
shown in Flgure 6, with 40 to 60 db of rejection at 60, 180, g
and 300 cps. |

One exception to the above arrangement was made at Station
I, vhere an additional 60 cps filter was used in the radial antenna

channel to filter out a large 60 cycle interference at that
location. This increased the 60 cps rejection from 40 to 60 db.

The average background noise at both stations during the
test interval was 150 to 200 uv ocut of the filters for the horizontal
antennas and 300 to 350 uv for the vertical antennas. This noilse
level resuited in a detectable signal sensitivity of 1-2 uv/-eter
for the horizontal antennas and about 200 pv/meter sensitivity for

b s

the vertical antennas.

Data for plotting frequency response curves for each signal
channel was recorded on tape and in the station log book the day
preceding the event. Dynamic range and calibration voltages were

recorded two hours before the event.

The recorders were started at T-5 minutes and allowed to :
run until approximately T + 10 minutes in order to obtain a record 1
of the background noise characteristics during the test period as
well as to record any actual signals from the explosion.

Figure 11 is a photograph of the Space-General trailer on
site at Station I and Figure 12 is a view of the interior of the
trailer showing the equipment in the process of being set up.
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50 EXPERIMENTAL RESULTS

5.1 PLIASMA PROBE EXPERIMENT

The venting of GNOME resulted in radiation-fogged film
and complete loss of data for this experiment.

5.2 ELECTRIC FIELD MEASUREMENTS

The electric field strength records from the GNOME test
are presented in Figures 13 through 17 and the HARDHAT records
are presented in Figures 18 through 20. From the standpoint of
detection of underground shots, the most significant aspect of
these records is that no signal which can be identified as
originating from the explosion was received abcve background noise
at any station other than the close-in site at the CNOME test.

Station I for the GNOME test was located 1180 ft from
grcund zero in a direction South 350 30' West. Maximum signal
strengths recorded at this station were of the order of 30 mv/meter
on the radial antenna, 10 mv/meter on the trausverse antenna, and
100 mv/meter on the vertical antenna. If it is assumed that the
field is generated primarily by a magnetic dipole mechanrism, as
discussed in Section 2.0, then the electric field should fall off as
the inverse square of the distance from the explosiun and the field
strength at a distance of 4.5 miles (station IT) would be of the
order of 100 uv/meter. A signal strength of this magnitude would
have been detected above background noise. If the field was generated
primarily by an electric dipole source, however, electric field
strength would fall off as the inverse distance cubed and the signal
would not be seen above noise at Station II.

The low frequency oscillation following the initial pulse,

b RS ST
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10 mv/meter

e

.01 sec

(Measurement Site 1180 feet from Ground Zero)

FIQURE 13. Radial Component of the Horizontal Electric Field from
GNOME Test - STATION I.
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.01 sec

l—+ k

\\ Instrumentation
Clipping

FIQURE 15. Transverse Component (Amplified) of the Horizontal Electric
FMeld from GNOME - STATION I.
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30 my/m

7 (Measurement Site 1180 feet from
Ground Zero)

Instrumentation
Clipping

FIGURE 16. Vertical Component of the Electric Field from GNOME Test - STATION I.
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Radial Antenna
Wmﬁmm}mwm P RS i
Channel I, STATION II .05 mv/m

Vertical Antenna
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Channel II, STATION II 5 mv/m

Transverse Antenna
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Channel ITI, STATION II 05 mv/m

Radial Antenna
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Channel V, STATION II 2 avv/m
Transverse Antennsa
' i . ,
W;MWQ“"’Hnﬂwtudk‘ﬂ—‘;:dmﬁ WIF s poo 1 R o e gy,
Channel VII, STATION II .2 mv/m

Radial Antenna
Mwmmm.«mmmwwam%mmmaumamam‘mn
STATION III 2 mv/m

FIGURE 17. M +ld Strength Records from Stations IT aud IIY -~ GNOME .
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' which 1s seen to appear on all the GNOME Station T records,
is caused by filter ringing in the data system and 1s not an

' actual characteristic of the signal from the blast. This is
illustrated by Figure 21 which shows the response of the data

i system to a 3 millisecond pulse. The similarity between the
filter ringing in Figure 21 and the low frequency oscillation
in, for example, Figure 14 is immediately apparent. The signal
from the blast actually consisted of an initial pulse at time t = o,
of the order of 1-3 psec pulse width, followed by a large number of
secondary smaller pulses. Signal pulses were received as late as

0.1 seconds after To'

The signals received at Station I during the GNOME test
were two orders of magnitude larger than predicted by the magnetic
dipole horseback analysis discussed in Section 2.0. Furthermore,
the radial dependence of the field appears to correspond mcre to
an electric dipole source than to a magnetic dipole. It should oe
recognized, however, that signals from the GNOME shot may not be
typical of underground explosions. The large neutron pipe which

extended down the access tunnel to the device room, and which

certainly acted as a radiating antenna and even possibly was the
principle source contributing to the electromagnetic field. From
previous experiments conducted with metallic plpes which were in
contact with the plasma during undergrcund shots, it is known that
very large charging currents flow down the pipe and the pipe potential

(5)

reaches possibly thousands of volts.

(5) Private communication with Dr. L. F. Wouters, Lawrence Radietion
Isboratory, Livermore, California

. actually had one end in contact with the bomt plasma, almost
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a. Data Channel Respcnse to 3 millisecond Square Pulse
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b. Sguare Pulse Which Produced Data Channel Response Spown Above

FIGURE 21.» Curves Tllustrating Filter Ringing in Data System.
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It was the potential on this pipe which the "plasma prcobe" ex-
reriment was designed to measure. The loss of data due to .
radjocactive fogging of the film in this experiment is highly
regretable, since the film reccrds would have provided infor-
mation to evaluate the electromagrnetic source properties of

the pipe as well as the properties of the piasma. In addition
to the neutron pipe, there were a number of metallic structures
both above ground and undesrground near the device room which may

have acted as secondary radiators.
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U T o e LAl plpL

6.0 CONCLUSIONS

The data obtained during the GNOME and HARDHAT tests
show that the electromagnetic signals generuted by low-yield
close-coupled underground nuclear explosions are small in
magnitude and cannot be detected above background noise at
distances mcre thar a few kilometers from ground zerc. This
experimental conclusion i- in complete agreement with the
results of theoretical studies conducted at the Space-General

Corporation.

No conclusions can be drawn in regard to the magnitude

of the electromagnetic signals generated by de-coupled shots

which take place in large cavities. Theoretical work presently
in progress at Space-General(s) will result in theoretical pre-
dictions of the field strengths to be expected from de-coupled

explosions. Final conclusions concerning the feasibility of
electromasgnetic detection of de-coupled underground nucleer
detonations can be made only after the electromagnetic signals

from such explosions have actually been measured.

(6) "Theoretical and Mod2l Studies for the Production of Electro-
magnetic Signals from Underground Nuclear Detonations",
AF30(602)-2500.




